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Introduction.
Thevorkleadingup to thepreparationof thisreportwas
doneas a thesisby theauthorwhilea studentin theAeronauzZ-
calEngineeringcourseat theMassachusettsInstituteof Tech-
nology.He wishestO acknowledgetheassistanceinprepari?lg
models,conductingtests,andpreparingthersportforpublica-
tion,ofUr.CarlSelig,mechanicof theDepa~tment-ofPhysios,
M.
the
BorisV. KorvinKroukovs’ky,andProfessorE. P. Warner,cf
DepartmentofPhysics.
Thequestionof groundinfluenceon airplaneshasrecently
attractedsomeattentioninviewof theclaimsmadeby certain
designersthatthelandingspeedof theirairpianesismuchde-
creasedby an increasein liftcoefficientdueto ihepioximtty
of thegroundin landing.As an illustrationcf this,inthe
descriptionof thePischoffAvionettegivenin “Aviationl:for
January25,1921,thestatementisnadethat“theproxi~ityof
theIomezwingto theground,eightinches,causesthealriw
* Submittedas a thesisin thegraduatecourseinAeronautical
—
Engineeringin 1921,andpublishedby permissionof theDepart-
mentofPhysicsat theMassachusettsInstituteof Technology.
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prisonedbetweenthewingandthegroundtoactas a cushion.‘1
(Thechordof theLowe?wingof thisaizplaneis 2 ft.4 In.)
It hasalsobeensuggestedthatthedif~-icul-:yexperiencedin
landingsomeairplaneswithhigh–liftwings,andnotablythose
ModelsWithflapgears,maybe dugto svchan iznc~easein lift
coefficientwhenapproachingtheground,causingtheairplaneto
stayoffthegroundwhiletra.veilingnearlyparallelto it for
an abnormalengthof time. Sevezalinvesti~tiops,discussed
indetaillater,havepreviouslybeenunde~takenon thispoint.*
Thereseemstobe roomforanotherparticularlyto tryoutthe
relativemevitsof twopossiblemethodsofmakinggroundisnflu-
ermetests.
.
Themethodof testingwhiohfirstsuggestsitselfis to set
.
Up a flatplateinthetunnelto representheground.Thiswas
oneof themethodsemp].eyedbutthei’esultsobtained,byitare
notentirelysatisfactory.Itsfaultliesiq thefactthatit is
stationarywithrespectto.theaerofoil~notto thewind, It rep-
,.
resentsthecaseinpracticewhere~heairplanelandsin a wind
of as greata velocityas itsownairs’peed.Such
is fortunatelyrareandit isdoubtfulif theflow
\
thelar.ding”fieldat sucha timewwfidapproximate
a condition
ofairacross
theflow
around.aflatplatein the~nd tunnel.
A methodgivingresultsofmorepraoticalvaluewasfoundo
in the~eflection’method.Consideringthegroundplaneas a mir-
——
.*Wrou~EffeczonWings:”by A. A. Mezrill,TheAce,I@cemhe=,
1920; “GroundInfluenceon Wings>
%yo~t #l?3;
1’by theAewdynamiosS-Laffj
~’WihdTunneLj‘fNavyYard,‘Washington,. D. C.
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rorinwhichtheaerofoiltobe testedis reflectedir.a dupli-
cateaerofoilplaced
placedsymmetrically
sideredas theplane
arereadon cm.eonly
alteredtheanglecf
groundplanein this
in thepositionof itsimage,t%omi~.gsaz9
in thetunnel,withtheground’planecon.-
of symmetryhalf waybetweenthem. Forces
andlxhenevertheangleof attackof oneis
theotheris c-hangedcorrespondingly.The
casebeingimaginary,no erroris introd-
uced on’accountof skinfriction,
Thereflectionmethodwasfountlto
typesof flowat highliftangl&s,
as intheflatplatemethod.
givetwoslightlydifferent
dueto didxmb+mceof the
Planeof symmetricalairflowby ~o~tice~, ‘butit isbelieved
thatthbresultsshowit to givea closerapproximationto
,
groundplaneinfluencethandoesa.flatplate.
All testsweremadein the4 ft.tunnelat tbeMassachu-
settsInstituteof Technology.Rindvelocitythroughthe’tun-
nelwasinall‘ouztwotests30m.p.h. In an effortto o-~tain
satisfactoryeadingsor.oneof tkL8 wir.gsat an angieof discon-
tir-uity~hevelocitywas increasedin thesetwoteststo 40 and .
45 m.p.h. Theeff&rtwas successful‘uctoverheatedthemotor
.,..,.
drivingthe ~~l~nel propeller,anditwasnotattempted,again.
Thedimensionsof thethrsemodelsusedwere3 in.by 19
in. Themodelsmers:
1. MartinNo.2. A thicksectionwingfittedwithflap
,
gear. Theduplicatewingsmed were~wryaccuratelymadeand
agreewiththespecifiedordinatesto withir.~~.
.
.
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2. R.A.F.15 Special.A double-camberedmoderatelyikin
wing. Themodelsusedwereoldones,bothqvitswarped,but -
we~eplacedin thetunnelwai~edin thesamedirectionandwere
verynearlythesame
span.
. .
3. U.S.A.27.
anil
the
arenottrueU.S.A.27aerofoils,‘butservedwellenough
purposeichand.
Flatplatemeth~d,A Fieceof”three-plybirch3/8M.
for - ---
thiok,4 fti.high,3 ft.wide,wasused. Theleadingedgewas
chamferedon thesideway fromthemodel. Smallwooder.strips
wereattachedto thetopandbcttomayi sc~e~edto theceilil~g
and
, the
floorof thetunnel,maintainingthepi~ood flatandat
properdistancefzoznithea rofoil,
Reflectionmctiu)d..TheaerGf’oilto‘Detestedwasmounted
on thespind~eof thebalancein theusualwayandthereflect-
ingwingplaced”cha ~pi~tilemo-untedwitha @aduatedhead.,on
an auxiliarywoodenfairiugha~~i.nga bzas~floorplate. After
eachreadingthewindin thetunneLwasshutdownwhilethere-
flectingwingwasshiftedto itsnewangleof incidence,In “
allcomparativeteststhesinglewingwastestedimmediately‘De- “
forethe
For
wingsat
‘die,and
.
reflectinguingwasput inplace. %
testsmadeat a fixedangleof incidence,withthe
a varyi’ngdistanceapart,thereflectingwing,itsspin-
graduatedheadweremountedon a brassrailrunning
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fromtinecer~terf’airingto”a seeond:airi:~gplaeednearthe*UZC-
nelwall. Thisbrassrailwasgraduatedfortlstancestetwesn
spindlecentersof from1.75to 16.90inches,lt W3&fou:~d
thatthea}qymatu.sholdingthereflectingwingcausedno r~eas-::-
ableinfluenceupontheotherwing.
In runninga testat a fixeddistanceitwas foundbesttcJ
keepthedistancebetweenspindlesor fromspindletoplywcod
constant.ThewingsbeinglinedUp at 0° beforeeachtest,the
distancewasmeasuredfromchordto chordat thatangleandnot
fromspindleto spindle.Thepositionof thespindle(dbnter
of Totatior.]foreachaerofoilis givenbelowanda chartis
appendedfordetermining
.
groundin eaohcase.
‘.
MartinNo.‘e ‘
.
R.A.F:15Special
U.S.A.27“.,-
thedistancebetweentrailingedgeand
Cen~erofRotation,
Backcf L.E. AboveChord
~It 0.25’1
1II o,001’
3‘t 0.20’f
Inplottingresults,absolutecoef~icientsareusedthrough-
. .
out.
Reflectionmethod.Consideringfirstthetestsmadewith
thegroundat 1/2chord: Themost markedeffectis an increase
inL/Dof from3@oto 4G~at anglesrangingfrom-4°to maximum
lift. Thisiscausedby an increasein liftanda decreasein”
drag, Theincreasein liftis greatestat szallangles,we.zken-
indrag,on theotherhand,ismost
3sapproaoh=ed.Thedecrease
markedat i~i”~hangles,the
combinedeffectbeingan increasein L/’Dof substantiallya corL-
staat pezcer:tag~.
Maxhum liftis increasedlittle,ifany,at 1/2chozci
Gzc-x.zddist~nce,butthereis a tendencyto shiftit toa smailez
cmgle.
TheMartinwing(flapneutral.}at 30m.p.h.showedan in- .
creaseinmaximumliftat 1/2chord>butat 40 and45 m.p.h.
thisdidnotoccur.Wnilemakingtestsat 14°and16°at~aryi~g .
distancetwotypesof flowwereobserved,whichacccuntforthis
. on thesuppositionthatthegroundplaneof sjmmetzyiseasily
brokenup &t highanglesands~eedsby theinterminglingof‘.or-
ticesfromthetworeflectingtinge.If thisbe tree,thetype
of flowwhichgivesan increasedliftis theoneforwhichthe
vo?ticesdo notintermingle,andthereforecorres~ondsto the
groundinfluencefeltby a fullsizeaizplane.
Turningto thetestsmadeat ~aryinggrounddistancesas
‘t.
giveninFig.3, a noticeablefactis theqeed withwhichthe
~ound influenceincreasesas thewingcomeswithin1.2chordof
theground.Theeffecton liftisveryslightat 2 chordsbut
thaton dragis stillcousidmable.Thecum-esap~roachasymp-
toticallythesinglewingvaluesas wouldbe expectedwiththe -
exceptionof the16°liftc-irve,whichfordistancesgreater
than1/2chozdliesbelowtlaisvalue. Thesir.gleringliftvas
.
l
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ckec-kedcareful’-yafterthetea-t and5.scorzect.
Thedragannreforthissametestis alsointeresting.The
sham-]upwardbendas thegrounddistancebecomesle~sthanhalf
a c“nordisprobablyduqto stopl~a,geof theairflow,fort~-e
trailingedgeof’thewingat thisangleandthesedistancesZre
very
drag
very
from
closeto theground.
Thediminutionof effecton liftandincreaseof effecton
withincreasingangiefortheU.S.A.27aerofoilis shown
nicelyinFig,6,
Flatplatemethod.Thismethod
thereflectionwethpd.a$angles
onlydiffersin its resulce
approachingmaximumlift
fortheI@tin andtheU.S.A.2’?ardlsone~;hathigheranglesfor
* theR.A.3’.25Special. Abovetheseanglesthelifti&r6psoffab-
. ruptlyandit is evident hatthetrailingedgehasenteredthe
regionof slowermovingairsurro-maingthefiatplate. It will
be notedtt.atheredundant~~eof aizflowfoundinthereflec-
tionmethodat highanglesintroduceslessi,nqycuracythanis
foundheze.
In ‘*TheAcef’forDecember,1920,an accountis givenof a
testbyMr.A. A. Merriil,of theCaliforniaInstituteof Tech-
nolo~, of groundir.fl-~enceona biplanemodelat thesinglean-
gleof incidenceof 13°. In an aeronauticalreport,Nc.173,of
theConstructionl)epar=.~,ent,Navy ya~d, w~shi~gtop, D. C., dated
February,1921,arechartso? a testmadeon an R.$..F.6aerofoil
=iththegroundatveuiousdistances.In bothof thesetests,
-8-
tkeflatplatemethodwasem@oye&. Theresultsarsin cor~so-
r.antewit-hib-e~~or?sdo~e~itha flatplateint~epresentte~%sg
In thetestson theR.A.F.6a decreasein liftat highangle~
wasfound.Thisrepo=tdidnotcometohanduntil*W present
testswerecompleted.*
Groundeffectisnotentirelybe~ieficial.It decreasesthe
landingspeedandcuskionsthelandingshocksomewhat,butdoes
soat theexFenseof ar.incrgasedlangthofprelir.inaryskimming
overthegromd, By decreasingthedragandincreasingthelift
it lengthensthedistancenecessaryfortheaiz~laneto travel
beforelosingenoughweed *O land.
On theetherhand,itsinfluenceishelpfulin takingcff~
especiallyin thecaseof flytng‘coatswiththeirlow-lying ““~-
.
wings. It pointsto thefactthattiecloser‘~hewingsageto
thegroundtheeasiezit is topickup speed. Itprmiseseco~-
onyforlow-skimmingflightoversmoothwater,providedsuch
flightbe practicable.
In thecozwenticmaltractorairplane,thekeightOf the
wingsabovethegroui~dis determi~-ediargely‘sypr?pelle=clear-
ance$but a smaIllww~peedai~~lanelikethePisohoffandlarge
low-speedcommercialairplaneswitheq@e~ betweenrings Call
.
utilizegroundinfll~enceto goodadvantage.
* In Fig.5 th:eec:lrvesfzorntiie,,...m V Y testsarereproduced ‘
forcmparison,
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